The effects of palm bunch ash (PBA) and mineral fertilizer application on grain yield and nutrient uptake in maize and soil chemical properties were studied in both the major and minor rainy seasons in the semi-deciduous forest agro-ecological zone of Ghana. In both the major and minor rainy seasons, the response of maize to four levels (0, 2, 4, and 6 tons per hectare) of palm bunch ash and 200 kg per hectare of NPK (15-15-15) application was evaluated using randomised complete block design. Results of the study showed that application of palm bunch ash significantly (P < 0.05) increased soil pH, soil phosphorus, and exchangeable cations. Maize grain yield varied significantly (P < 0.05) among the different treatments in both the major and minor rainy seasons. The highest maize grain yield of 4530 and 6120 kg ha −1 was obtained at PBA application rate of 2 tons ha −1 for the major and minor rainy seasons, respectively.
Introduction
Empty fruit bunch (EFB) is one of the major waste products generated from processing fresh fruit bunch (FFB) in palm fruit processing mills. About 22% of FFB processed into oil end up as EFB [1] . Currently, Ghana produces about 1,900,000 metric tons of FFB annually [2] which, when processed into oil, generate 418,000 MT of EFB annually. In the large industrial estates, EFB is either incinerated in the mills as a means of getting rid of these wastes' as well as, providing energy for the boilers in FFB sterilization. However, the small-scale mills which process about 60% of the total FFB produced in the country [3] burn the EFB as a means of disposing them, resulting in heaps of ash dotted around small-scale mills in the major oil palm producing areas in Ghana. There is currently no large-scale use for palm bunch ash in Ghana, although it could be used for the manufacture of local soap due to its high potassium content. The palm bunch ash (PBA) produced by burning EFB, which constitutes about 6.5% by weight of the EFB, contains 30-40% K 2 O [1] and could thus be used as source of potassium fertilizer. Most soils in the forest part of southern Ghana where oil palm is cultivated are acidic due to the nature of the parent material, high rainfall regime, intensity, and associated leaching of nutrients which requires sustainable liming. Preliminary analysis of bunch ash of different ages from processing mills in Kade (unpublished results) indicates that besides K, palm bunch ash has high pH and contains varying amounts of other nutrients such as calcium (Ca), phosphorus (P), and magnesium (Mg). These properties of palm bunch ash make it suitable as a liming material and fertilizer supplement. Studies [4] [5] [6] have shown that application of wood ash significantly increased the effective cation exchange capacity and base saturation and decreased the concentration of exchangeable aluminium in the soil. In southern Nigeria, [7] and [8] found palm bunch ash as an effective fertilizer and liming material for increasing soil fertility, pH, and nutrient uptake by crops such as maize and cassava.
In Ghana, mineral fertilizers are rarely used by smallholder farmers due to prohibitive cost as a result of privatization and removal of government subsidies [9] . In recent years, there has been a growing interest in the tropical world in using crop residues for improving soil productivity in order to reduce the use of external inputs of inorganic fertilizers [10] [11] [12] . Moreover, there is abundance of palm bunch ash in the oil palm belt of southern Ghana where the present study was carried. These reasons necessitated the need to research into the possible use of palm bunch ash as liming material and fertilizer supplement for improving the productivity of staple food crops grown in this region. The objective of this study was to investigate the effect of palm bunch ash and NPK fertilizer on the yield and nutrient content of maize (Zea mays) and soil chemical properties in the semi-deciduous forest zone of Ghana.
Materials and Methods

Study Site.
The study was carried out at the Forest and Horticultural Crops Research Centre, Kade which lies within latitude 6
• 09 and 6
• 06 N and longitude 0 • 55 and 0
• 49 W in the Kwaebibirem district of the Eastern Region of Ghana. The centre which is located in the semi-deciduous forest agro-ecological zone of Ghana is 135.9 m above sea level. The study site is characterized by a bimodal rainfall pattern with peaks in June and October with a short break in August and a dry season from December to March. The total annual rainfall amount during the experimental period as presented in Figure 1 was 1672.2 mm. The soils at the experimental site which are mainly forest ochrosol derived from precambium phyllitic rocks [13] are deep and well drained and are generally classified as Acrisols in the FAO-UNESCO Revised Legend [14] . The chemical and physical properties of the surface soil of the experimental plots are presented in Table 1 .
Experimental Layout.
The experimental plot which was dominated by Chromolaena odorata had been fallowed for 1 year. Cassava had been grown on this field earlier. The C. odorata was initially cleared by slashing with a cutlass. Four weeks later, herbicide (glyphosate) was applied at the rate of 900 g a.i ha −1 . The trial which was conducted in a randomised complete block design consisted of five treatments replicated four times in four blocks. The treatments which were applied to a local maize variety, Obatanpa were 0 tha In the major rainy season, the maize was planted on 25 April, 2010 at a spacing of 1 m by 50 cm at 3 seeds per hole which was thinned to 2 seeds per hole at 10 days after planting. Plot size was 15 by 5 m giving a plant population of 4 plants/square meter. In the minor rainy season, the plot size was 15 by 5 m and the maize was planted on 19 August, 2010 at 1 m by 20 cm at 3 seeds per hole which was thinned to one plant per hole 10 days after planting giving a plant population of 5 plants/square meter. The PBA was applied at 10 days after planting in a form of ring.
At tasseling, maize plant height was measured from the ground level to the point of the plant from where the tassel emerges and ear leaf samples were collected and oven-dried at 65
• C for 3 days and milled for analysis. At maturity, maize ears and stover were harvested from the three middle rows leaving 1 m border at both ends. The cobs were weighed and a subsample of 10 cobs per plot was taken, weighed, and oven-dried at 70
• C for 2 days. The grains were then removed and weighed again to determine the dry matter (DM). The stover was weighed fresh and subsample taken to determine the DM.
Leaf and Soil Analysis.
Maize ear leaf samples collected at tasseling were analysed for N, P, K, Ca, and Mg. The N was determined using micro-Kjeldal method, P by molybdenum blue calorimetric, K by flame photometer, and Ca and Mg by atomic absorption spectrophotometer.
Prior to commencement of the trial, surface soil (0-20 cm) samples were collected from the experimental site and analyzed for both chemical and physical properties. During the harvest, soil samples were also collected from the 0-20 cm depth of each plot and analyzed for soil chemical properties. Soil pH was determined in water suspension at 1 : 1 ratio; organic C by Walkley-Black procedure; total N by Kjeldahl method; available P by Bray-1 method and exchangeable bases (K, Na, Ca, and Mg) by 1 M NH4 OAC method [15] .
To reduce cost, only soil and ear leaf samples collected during the major rainy season planting were analysed and presented in Tables 3 and 4 , respectively. 
Statistical Analysis.
Data were subjected to analysis of variance (ANOVA) using the general linear model (GLM) procedure [16] .
Results and Discussion
Results of the initial soil analysis for the experimental site are presented in Table 1 . The soil of the experimental site was strongly acidic, moderately high in N and exchangeable Ca and Mg. The PBA had pH of 10.90 (H 2 O 1 : 2.5), 0.55% organic carbon, 0.08% N and 35.24, 29.24, and 583.42 me/100 g soil exchangeable Ca, Mg, and K, respectively ( Table 2 ). The pH value for the PBA reported in this study is significantly higher than that reported by [7] who reported a value of 8.8. The high pH of the PBA used in the present study could be attributed to the fact that it was a fresh ash and had not been exposed to rain. Preliminary studies carried out at Kade, Ghana shows that, when PBA is exposed to rain for a long time, the pH goes down (unpublished results) probably as a result of leaching of cations. The pH of the experimental plot at the start of the experiment was 4.8 (Table 1) compared to an average of 5.8-5.9 at 110 days after the application of PBA (Table 3 ). The pH of 4.8 of the soil at the start of the experiment suggests the soil to be strongly acidic according to [17] and hence, the justification for the investigation into the possible use of PBA as soil amendment. The increase in the pH of the soil after the application of the PBA was due to the high pH level of the PBA. PBA is alkaline and contains relatively high values of Ca and Mg and thus has a liming effect on the soil. The increase in soil pH was also due to decrease in Al 3+ as a result of precipitation of Al as hydroxyl-Al [6] as ash has been found to contain oxides and hydroxides of potassium, sodium, calcium, and magnesium [18] resulting in low exchangeable acidity in the ash-amended plots (Table 3 ). This could also be responsible for the significantly higher potassium, sodium, calcium, and magnesium levels in the PBA amended plots compared with the control [12] . The high soil OC and nutrient contents of the PBA-treated plots compared with the control plots also confirms the findings of [7] who reported significant increase in OM and nutrient contents of acid soils after application of PBA. The increased available P content of the soil with increased application of PBA could be attributed to release of P from complexes of Al and Fe under increasing soil pH [6] . The increase in soil nutrients as a result of application of PBA could also be attributed to increased microbial activities in the soil and increased organic matter production with its concomitant increased availability of N, P, K, and Mg [4, 19] . Data on ear leaf analysis as shown in Table 4 indicate that compared with the control, increased application of PBA resulted in decreased leaf nutrient content except P and K which increased with application of PBA. The reduction in leaf nutrient content, especially for N, Mg, and Ca with increasing application of PBA could be attributed to excessive uptake of K [4, 20] . Table 5 shows that PBA application significantly affected the maize plant height. The least plant height of 183 and 259 cm in the major and minor rainy seasons, respectively, was recorded in the control plot. Relatively higher plant height was recorded in the minor rainy season.
Palm bunch ash and NPK fertiliser application increased both maize grain yield and stover yield both in the major and minor rainy seasons (Table 5 ). In the major rainy season fertiliser application resulted in about 100% increase in maize grain yield, while PBA application resulted in about 68-78% increase in maize grain yield over the control. In the minor rainy season mineral fertiliser application resulted in about 21% increase in maize grain yield, while PBA application resulted in between 11-22% increase in maize grain yield over the control. The highest increase in maize grain yield in both seasons was obtained at the application of 2 tons ha −1 PBA. The increase in maize grain yield and root yield of cassava with PBA or Wood ash has been reported by several workers [6, 7, 12, [19] [20] [21] who attributed it to increase in soil nutrient content and uptake of nutrients by maize as well as higher organic matter in the ash.
Conclusions
The results of this study suggest that pH of acid soils can be corrected and leached nutrients replaced by recycling of palm bunch ash. Application of PBA contributes to improvement in soil chemical properties of acid soils by raising soil pH and the level of macronutrients such as N, P, K, Ca, and Mg in the soil. This may enhance yield of crops through improved nutrient uptake by crops. In both seasons, application of 2 tha −1 gave the highest maize grain yield. Thus in oil palm growing areas in Ghana, where soils are acidic, palm bunch ash which are found in abundance in these areas could be used as a liming material and as a fertiliser supplement to improve the yield of staple food crops.
